digitalis is known to produce a variety otrial, junctional, (1 )oummds, the heart rate suddenly slowted. Thie electrocar diogramttii ( fig. 1 ) revealed atrial flutter with aill aitr'ial rate of 240, an averate vemitricular rate of 80, taId at shifting atriovemitricular block.
ventricular arihythimmias, atrial flutter due to digitalis intoxication has been rarely reported. The present paper reviews the literature and reports what appears to be the sixteenth case.
The available inforimmation on the accepted cases(of atrial flutter due to digitalis toxicity has been analyzed for clues as to when digitamlis ea.i he considered the cause Of the flutter.
DIGI1TALIS is usually adminuistered in the treatment of atrial flutter, but in the exceptional patieut it may cause the arrhythmia and more of the dru(g could lead to disastrous results. This paper emphasizes the rarity of atrial flutter due to digitalis intoxicatioii, presents criteria to help determine whether digitalis is the cause of a given episode of atrial flutter, and adds, what appears to l)e the sixteenth ease to the literature.
CASE REPORT
A 79-yt.earl-old man had congestive heart failure for 19 months due to arteriosclerotic heart disease. An electroecardiogram at the onset of his symptoms revealed sinus rhythm at a rate of 106 with a P-R interval of 0.19 second, low QRS voltage, and ST-T abnormalities. He was digitalized and maintained on 0.2 Gm. of digitalis leaf per day and intermittent diuretic therapy. Four weeks prior to admission, following a "cold," all symptoms of con-gestive failure increased and he was hospital-iZed.
Physical examination revealed a disoriented man with Cheyne-Stokes respiration. Funduscopic exa mination showed narrow-ed, tortuous arterioles with arteriovenous nicking. There was distention of the neck veins. Coarse, moist rales were heard over both lower lung fields posteriorly. The heart was moderately enlarged to percussion. The cardiac rhythm was regular with occasional premature heats; the aortic component of the basal second sound was louder than the pulmuonic; a grade III, coarse, blowing systolic mImurmur was best heard at the apex and was transmitted to the axilla. The liver was enlarged but nontender. There was 1+ pretibial pitting. edenia. The blood pressure was 15'80. The urine showed 1+ protein and rare hyaliec anid ,ranulair casts. The hematocrit level was 46 per cent anld the corrected sedimentation iate (Wintrobe) was 32 mm. per hour, the white blood cell count was 12,700. The blood urea nitrogen was 21 mg., the creatinine 1.5 mug., the total protein 7.1 Gmm., the albumini 3.4 Gmin., and the globulini 3.7 Gull. l)er 100 mml. The serum sodium was 137 mEq., the potassium l5.9 miiEq., the chloride 9.5 mEq. and the carbon dioxide 27.3 mEq. per liter.
Aln electrocardiograin showed sinus rhythllm at at rate of 110 with a P-R interval of 0.22 second. occasional ventricular premature beats, low QRS voltage, and ST-T abnormalities. A chest film revealed the heart to be generallenlarged, with a cardiothoracie transverse diameter ratio of 17 :30, al elong.ated tortuous caleific aorta, and congested lung fields.
The patient was given two 0.22-mg. doses(of laiatoside C intravenouslv over a 2-hour period. This caused a sli-ht increase ill rate and im the number of ventricular p emature heats. Consequently, no further digitalis was given for 3 days. Treatment consisted of bed rest, anniinophvllinie suppositories, and a low-sodium diet. No diuretics were givell. The patiellt's disorienmtationl and Chevne-Stokes respiration becaimme worse. The urille output reticiined low (about 500 mmml. pel dNlv) while the blood urea nitrogen rose graldually.
Becau;se of persistent tachyecalrdifi .camd heart failure, digoxin was begun oIn the fourth hospita.l day; table 1 shows the dosa'(ge of digoxin each day.
BY the sixth hospital day the patient was mlluch improved. He, had lost 4 pounds, was able to lie fiat without dyspiiea, and his ankle edematl hald (isappea red. However, Chevue-Stokes respiration amid disorienta tiomi continued. All electroaeridiogramlttt .t this time showed a sinus rhvthllm a1t at rates of 118 with .a P-R interval of 0.22) secomid and disatl)pearianceb of the ventriculrlr preminmature beats. Omm thie twelfth hospital day, after a total of 7.25 m-. of digoxini in 9 days and a wei-ht loss of 10 ATRIAL FLUTTER AS A MANIFESTATION OF DIGITA1.IS TOXICIT1'Y Venltricula r pret tature heats had leappearedl, sometimes in runs of 2. No gastrointestinal symiptoms were present. Digoxin was stopped.
The following d.ay the serum potassium was 4.9 miEq. per liter. An electrocardiogram on the fourteenth hospital day showed coa rse atrial fibrillation with a ventricular rate of 85; ventricular lprellature beats had disappeared. The next day an eleetrocardiog-iam disclosed reversion to sinus rhythmn at a rate of 100 with a P-R interval of 0.24 second. 1)i-italis was resumed 2 days later without further atrial arrhythmliaii.
During this period, the patient coiitinued to be disoriented. Despite a marked improvement in the signs of congestive failure, Cheyne-Stokes respiration was still present. Dehydration and a urinary tract infection were treated but he gradually lapsed into coma alldl died quietly on the twenty-fiftl hospital day. At autopsy, the heart -weighed 8.50 Gmn. with marked hypertrophy and dilatation of the left and right ventricles and dilatation of the left atrium. All valves had thin pliable cusps. The chordae tendineae were thin and delicate. There was marked calcification of the left coronary artery, but no occlusion. Extensive patchy fibrosis of the ttnyoeardiuia of the left ventricle was seen mieroscopically. The lungs showed bronhelopncuiiionia. and moderate (cong,0estion. The liver was also congested. The kidneys revealed arterial and arteriolar nephroselerosis. The renainder of the exanmimnaition, including that of the brain, was noncontribu-I) LS( FSSIONY A 1nuber of authors'-' have emphasized the rarity of atrial flutter due to digitalis initoxication. ()theirs"; 7 have me(,rely remarked that auxarrhythmia miiaxbe the result of too nuch digitalis and have usually referred to KlatzW as the basis for this statemnemit. Recent reviews" '-" of digitalis toxicity fail to mentiou atrial flutter iin this regar(l.
Authentic eases. of arrhythniias due to digitalis iutoxieatiomm should meet 3 criteria: the patient should develop the arrhythinia while taking digitalis; he should not be taking ally other drugs knmowni to cause cardiac arrhythmnias; aud the abllormal rhythm should disappear whemi the digitalis is discontinued.
Atrial flutter (lue to digitalis intoxication must be carefully differentiated fromn pa-oxysinal atrial tachycardia with atrioventrieular block, which is a much more common manifestatiom of digitalis i ntoxicatioii. The abs;eni(ce womnati who tried milsllc(essfu lly to commit suihide with 50 mg. of digitoxin. Hejtmancik, Ilerrmann, and Bradfield'8 mentioned 5 cases of atrial flutter produce(d by digitalis intoxication and found that the arrhli thlmiias reverted to normal sinuvsl rhythm after withdrawal of the digitalis. Unfortunately, these cases are the only ones of the 15 in the literature in which electrocardiograms were not illustrated. The comment in the text that one of the cases showed several shifts from paroxysmal atrial tachycardia to flutter and back, strongly suggests that this may really have been a typical example of the several phases of paroxysmal atrial tachycardia with bloek due to digitalis intoxication. Lown 7.23 mg. of digoxin during a 9-day period. This was probably an excessive amount if the average digitalizinig dose of digoxin is considered to be 3.73 micg.'9 or even less2"' and the maintenance dose 0.25 to 0.73 mg.,21 iii view of the following coexisting factors, which lower digitalis toleranice: (1) the patient havinig taken digitalis leaf 0.2 Gm. per day up to '3 days previously, and this preparation possibly not having been fully excreted for 3 weeks.'1 (2) advanced acre 23 (3) severe congestive heart failure,"' 23 (4) renal disease,22 and (5) a diuresis of 9 polinds with a probably significant potassium loss. Although serum levels do not necessaril-indicate the magnitude of potassium shifts, it is noteworthy that the patient 's serum potassium fell 1.1 inEq. per liter during the period of digoxin adminiistration. Supplementary potassium was not given because of a rising blood urea nitrogen. Saiilpsoni, Alb(rtoii, and Kondo24 were the first to point out that ectopic beats due to digitalis toxicity could be abolished by the administration of potassium even with normal s-erumi levels. Numerous subsequent studies have confirnied this and have established that depletion of potassium sensitizes the heart to d igitalis.2d 29 Wheni atrial flutter developed, the patient was also receivinig aminophylline suppositories, tetracycliime, and methylphenlidate hydrochloride (Ritalin) ; these drugs are not knowmi 1o cause this arrhythinia. Two days after digitalis had been discontinued the atrial flutter changed to atrial fibrillation and in 3 days normal silus rhythm was again presenit. Lown and Levinee13 treated 2 patients with atrial flutter due to digitalis intoxication with intravenous potassium chloride, 33 and 40 mEq. respectively. They observed the same sequence, namely a period of atrial fibrillation before reversion to normal sinus rhythm iii 10 and about 24 hours. Since it is well established that potassium loss causes atrial muscle to become refractory to vagal or other cholinergic influence, they presumed that while the administered potassium was counteracting the direct muscular effects of digitalis it was also restoring atrial respoinsiveiiess to the excita-tory vagal effects with an interval of atrial fibrillation resulting. However, the same sequence took place in the present case without supplementary potassium administration. Further, such a sequence is of course common following digitalis treatment of ordinary atrial flutter. 30 Since digitalis facilitates potassium loss from the cardiac muscle cell, the similar sequence from flutter through fibrillation to sinus rhythm under these 3 different circumstances may reflect the reentry of potassiunm into the cell, either as the digitalis effect recedes or as serum potassium levels are raised. Of greater practical significance was the observed prompt dissolution of digitalisinduced atrial flutter by means of potassium administration, because ordinary flutter may not respond even to toxic doses of potassium. '3 This suggests that a therapeutic trial of potassium may be undertaken in instances of flutter in which digitalis intoxication may be implicated, provided no coiitraindications exist and proper safeguards are employed.
Several reports of atrial flutter associated with digitalis intoxication have not been included in this review as examples of flutter ldue to digitalis. Two papers concerning digitalis toxicity, one by Herrmann, Decherd, and McKinley31 and the other by Crouch, Herrmiann, and Hejtmaneik32 list 5 cases of atrial flutter occurring in patients who had digitalis toxicity but fail to mention whether these patients had arrhythmias before digitalization or if the arrythmias disappeared on withdrawal of the digitalis. Moreover, these patients may be the same as those mentioned ill the previously cited paper by this group.'8 In a recent review Shrager22 enumerated 3 (ases of atrial flutter among 40 selected cases of digitalis toxicity but pointed out that these arrhythmias were associated with, and not necessarily caused by, the intoxication. In this regard, one should note that digitalization to the point of toxicity is often employed in patients with atrial flutter because the margin between the toxic dose and that required to achieve the therapeutic goal may be very narrow in these cases.23 Two case reports33 34 of atrial flutter due to digitalis toxicity fail to meet the criterion that the arrhythmia should disappear when the drug is stopped. Both these patients were given more digitalis and finally reverted to normal sinus rhythm while still taking digitalis.
The available information on the accepted cases of atrial flutter due to digitalis toxicity has been analyzed for clues as to when digitalis intoxication could be considered the cause of the flutter. The ages of the patients varied from 32 to 85 years. Of 12 cases, only 3 were female but this incidence is presumably coincidental, or perhaps reflects the male preponderance that has been noted in ordinary atrial flutter.13' 18 The types of heart disease included syphilitic, rheumatic, and arteriosclerotic; 2 patients5' 17 had normal hearts. With the exception of these 2 cases, the patients were in moderate to severe congestive heart failure. The digitalis preparation or route of administration did not appear to be significant variables. Data concerning serum potassium were lacking in most of these reports but, as far as could be determined, the administration of diuretics was not a possible cause of potassium loss when atrial flutter was developing except in 2 cases of Lown and Levine.13 Although the ventricular rate ranged front 66 to 160, all but 3 of-the cases had rates near the lower figure. The degree of atrioven tricular block varied from 2 :1 to 12 :1, but was usually of the higher degrees. Ventricu lar premature beats were observed in our patient and in at least 3 others in the literature; adequate tracings were usually not available for analysis. In untreated flutter of the ordinary type the ventricular rate is rapid because the atrioventricular block is usually 2:1 and ventricular premature beats have been stated to be rare.12 The latter observation would be consistent with the fact that a rapid ventricular rate tends to suppress the intrusion of ventricular premature beats,35
including those due to digitalis.36 However, in one series of 40 patients with ordinary atrial flutter, 22 per cent showed ventricular premature beats.13 The discrepancy may have been due to the presence of congestive heart failure, which may in itself be associated with ventricular premature beats. 37 From these considerations digitalis intoxication may be suspected as the cause of atrial flutter when a patient with normal sinus rhythm develops atrial flutter with a slow ventricular rate after the administration of large amounts of digitalis. When the ventricular rate is rapid under such circumstances, the occurrence of ventricular premature beats also raises the possibility of digitalis overdosage, especially if congestive heart failure is not prominent. If there is reason to believe that the patient has recently, lost potassium by diuresis or other means this may be another helpful clue. Finally, even if serum potassium levels are normal and there is no clear-cut evidence of potassium loss, the prompt dissolution of a well-established flutter after a therapeutic trial of potassium points strongly to digitalis intoxication as a possible cause of the flutter. SUMMARY Atrial flutter is a rare complication of digitalis intoxication. Only 15 fairly definite cases could be found in the literature.
A sixteenth case of atrial flutter due to digitalis toxicity is presented. The patient was an elderly man in severe congestive heart failure who received 7.25 mg. of digoxin during a 9-day period.
Digitalis as a cause of atrial flutter should be suspected when the arrhythmia is associated with ventricular premature beats, despite a rapid ventricular rate, if congestive heart failure is not marked. The same may be said of flutter that develops in the presence of a slow ventricular rate in a heavily digitalized patient with congestive failure. A therapeutic trial of potassium may be helpful in doubtful cases.
SUMMARIO IN INTERLINGUA
Flutter atrial es un complication rar de intoxication per digitalis. Solmente 15 casos definite poteva esser trovate in le litteratura.
Es presentate un dece-sexte caso de flutter atrial causate per toxicitate de digitalis. Le patiente esseva un maseulo de etate avantiate qui esseva in sever disfallimento cardiac congestive e recipeva 7,25 mg de digoxina durante un periodo de 9 dies.
Digitalis como causa de flutter atrial deberea esser suspicite quando le arrhythmia es associate con prematur pulsos ventricular in despecto del accelerate frequentia ventricular, in casos in que le congestive disfallimento cardiac non es marcate. Le mesmo pote esser dicite con respecto a flutter que se disveloppa in le presentia de un lente frequentia ventricular in patientes con congestive disfallimento qui es fortemente digitalisate. Un proba therapeutic con kalium es a recommendar in casos de dubita.
